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1

GRID STRUCTURE FOR FUEL ROD
CONSOLIDATION CANISTER

BACKGROUND OF THE INVENTION

The present invention relates to the storage of spent
nuclear fuel, and in particular to apparatus employed to
consolidate fuel rods after removal from the fuel assem-
bly frame structure.

For a variety of reasons, the disposal, reprocessing or
storage of spent nuclear fuel assemblies has been impos-
sible, or very difficult, for the operators of nuciear
power plants. As a consequence, efforts have recently
been directed toward consolidated nuclear fuel storage,
by which the individual fuel rods are removed from
spent fuel assemblies and stored in a tightly packed
array uatil ultimate disposal methods are approved by
the regulatory agencies.

In co-pending U.S. patent application Ser. No.
535,105, “System and Method for Consolidating Spent
Nuclear Fuel”, filed Sept. 23, 1983 and assigned to
Combustion Engineering, Inc., apparatus is disclosed
for removing fuel rods from two fuel assemblies and
consolidating the rods into an area equivalent to one
fuel assembly. The consolidation is implemented at
three stations, one of which includes an interim fuel
transfer canister where the fuel rods are rearranged
from a relatively loosely packed rectangular array into
a relatively tightly packed triangular array. This is ac-
complished by inserting the rods between long flat
plates, portions of which are contained within a fun-
neled canister having a tilted base. The canister walls,
variation in plate lengths, and tilted base, tend to force
the fuel rods into the desired final array.

It has been found that the transfer canister described
in the foregoing application does not provide sufficient
guidance to individual fuel rods to permit the degree of
trouble-free canister loading that is desired. Accord-
ingly, a need was recognized to improve upon this prior
canister design.

SUMMARY OF THE INVENTION

According to the present invention, a grid structure is
mounted within the upper portion of a tapered canister,
for receiving a relatively loosely packed rectangular
array of rods and rearranging the rods into a relatively
tightly packed rectangular array at the lower end of the
grid. The grid structure comprises a multiplicity of flat,
vertically oriented trapezoidal segments interconnected
to form a plurality of vertically overlapping grid layers.
The layers alternate between a row orientation and a
column orientation, and thus form a substantially con-
tinuous honey-comb of longitudinal cells for guiding
individual rods. The cross-sectional area of each cell
decreases from the uppermost layer to the lowermost
layer such that the rods are funneled by the cells to form
the tightly packed array.

In the preferred embodiment, the grid structure effec-
tively has eight row oriented layers and eight column
oriented layers. The lower, or outlet end of the grid
structure is preferably the input structure for a second
stage of the canister, where the rods are further consoli-
dated into a tightly packed, triangularly pitched array.
In the preferred embodiment, each grid layer has a
plurality of vertically oriented, substantially identical,
trapezoidal segments. The upper and lower edges of
each segment have alternating short and long slits
formed thereon, the spacing between slits being propor-
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tional to the length of the respective edge. In this way,
the lower edge of each segment is shorter than the
upper edge of the segment, but approximately equal to
the length of the upper edge of the next lower segment.
Slits on adjacent edges are thus in alignment and pro-
vide the means for attachment to the transversely ori-
ented segments. When assemblied as a continuous inter-
connected grid structure, the segments provide the
individual cells with ever-decreasing cross-sectional
area whereby the rectangular array of fuel rods can be
consolidated.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the invention and the
best mode for carrying it out, will be described herein
after with reference to the accompanying drawings, in
which:

FIG. 1 is a schematic representation of a prior art fuel
consolidation system, in which the preferred embodi-
ment of the present invention is shown as the central
station;

FIG. 2 is a perspective view the preferred embodi-
ment of the invention, wherein portions of the fuel
transfer canister have been partially cut away to show
the grid structure near the top and the plate members
near the bottom;

FIG. 3 is a front elevation view of the transfer canis-
ter shown in FIG. 2 with the front panel removed to
show the upper, grid section and the lower, plate sec-
tion;

FIG. 4 is a plan view of the transfer canister shown in
FIG. 3, taken from above with the top plate removed to
show the rows and columns of cells formed by the grid
structure;

FIG. 5 is a section view taken along lines 5—5 of
FIG. 3, showing the reduced dimensions of the box and
cells part-way down the box taper;

FIG. 6 is an elevation view of the canister of FIG. 3,
taken from the left side with the left panel removed to
show the grid structure and plate structure therein;

FIG. 7 is a perspective view of the intersection of
row layers and column layers showing the short and
long slits on individual grid segments, and a skin sur-
rounding and joining the layer outer edges;

FIG. 8(q) is an elevation view of the grid row layers
of FIG. 7, with the column layers oriented perpendicu-
larly to the plane of the drawing, and FIG. 8(b) is an
alternative embodiment with modified tabs on the outer
edges;

FIG. 9 is a perspective view of a corrugated plate
member showing the integrally formed channels for
guiding the fuel rods into a triangular pitch;

FIG. 10 is an end view of two adjacent corrugated
edges of the plate members, showing how the arrange-
ment and spacing of the convex and concave arches
guides the fuel rods into a tightly packed, triangularly
pitched array.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a portion of a nuclear fuel rod consoli-
dation system 10 of the type generally disclosed in U.S.
Ser. No. 535,105 “System and Method for Consolidat-
ing Spent Nuclear Fuel”, the disclosure of which is
hereby incorporated by reference. This portion of the
system provides a suitable context in which the present
invention can be best described. The system 10 com-
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prises a disassembly station 12, a fuel rod transfer station
14, and a fuel consolidation station 16. As more specifi-
cally described in the incorporated reference, a nuclear
fuel assembly 18 (shown in phantom) is placed within
the disassembly station 12 where the assembly struc-
tural members such as end fitting 20, are removed and
the individual fuel rods 22 are lifted out of the assembly.
The fuel rods will then be inserted into the transfer
canister 24 where their spacing will be significantly
reduced. The transfer canister 24 will be lifted through
the table 26, lowered onto the storage box 28, where the
fuel rods are lowered from the transfer canister 24
down into the storage box 28, by means of first and
second elevators 30, 32 respectively. To improve under-
standing of the operation of the consolidation system
- 10, containers spanning the distance between the fuel
pool cavity floor 34 and the table 26, of the type shown
at 36 surrounding the fuel assembly 18, have been omit-
ted with respect to the transfer station 14 and the con-
solidation station 16.

The present invention is directed to features associ-
ated with the transfer box or canister 24. The canister
according to the present invention, provides functions
similar to those described in the incorporated reference,
but with significantly improved structure. In essence,
the transfer canister 24 receives at its upper end, a rela-
tively loosely packed, rectangular array of fuel rods
which are funneled through the canister and rearranged
into a close packed, triangular array resting on the can-
ister base 38 (shown in phantom). After the canister 24
has been filled and relocated on the table 26 above the
storage box 28, the locking means 40 are released so that
the canister base 38 rests on the second elevator 32. By
sequentially actuating the first elevator 30 and second
elevator 32, the canister base 38, and the fuel rods sup-
ported thereon, are lowered into the storage box in
unison. The transfer canister 24 may then be relocated
within transfer station 14, and the storage box 28 re-
moved from the consolidation system 10 and placed
into a nuclear fuel storage area (not showp).

The transfer canister 24 is an elongated tapered box
of generally rectangular cross-section having internal
(in phantom) upper and lower sections 42 and 44, re-
spectively. The upper section has grid means 46 for
receiving individual fuel rods in a relatively loosely
packed rectangular array of rows and columns, and for
urging the rods closer together as they are lowered into
the box, such that the rods emerge through the lower
end of the upper section, in a relatively tightly packed
rectangular array. The lower section 44 is adapted to
receive the rods as they emerge from the upper section.
The rods pass through a plurality of substantially verti-
cal plate members 48 corresponding to the number of
columns of fuel rods in the upper section. The upper
and lower sections 42, 44 will now be described in
greater detail.

FIG. 2 is a perspective view of the preferred transfer
canister 24. The box outer structure has been arbitrarily
identified as comprising front panel 50, back panel 52,
left side panel 54, and right side panel 56. Preferably,
each panel is downwardly tapered such that the rectan-
gular cross-sectional area at the upper end 58 is approxi-
mately equal to the cross-sectional area of two nuclear
fuel assemblies 18 (FIG. 1), and the rectangular, cross-
sectional area of the lower end 60 is approximately
equal to that of one fuel assembly.

At the open, upper end 58 of the canister 24 a top
plate 62 provides guide means in the form of rows and
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columns of holes 63, through which the fuel rods are
maintained in a predetermined, rectangular array as
they enter the canister. The top plate 62 is partially cut
away to show the uppermost extend of the grid means
46, which defines an individual cell 64 beneath each
hole 63 in the top plate 62.

The lower portion of the canister 24 is cut away to
show corrugated plate members 48, disposed side-by-
side between from panel 50 and back panel 52. The
lower edges 66 of the plates are corrugated and, in the
preferred embodiment, terminate at different elevations
within the canister 24.

FIGS. 3-6 illustrate in greater detail the relationship
between the grids 46 and the plates 48 within the canis-
ter 24. FIG. 3 is an elevation view of the canister 24
viewed from the front, with the front panel 50 removed.
FIG. 4 is a plan view of the canister 24 from above, with
the top plate 62 (FIG. 2) removed. The upper section 42
when thus viewed from above, has a multiplicity of
honey-comb, substantially continuous cells arranged in
a rectangular array of, for example, twenty rows 68
extending from the left panel 54 to the right panel 56,
and eighteen columns 70 extending from the front panel
50 to the back panel 52. As the box tapers downwardly
to the interface 72 between the upper and lower sec-
tions 42, 44 respectively, the cross-sectional area of each
cell varies with elevation in substantial proportion to
the variation in the cross-sectional area of the canister
or box 24. FIG. 5, a cross-section taken at line 5—S5,
illustrates the proportional decrease in the area of cell
64 as the dimensions of the panels 50, 52, 54 and 56 have
decreased. In the preferred embodiment, wherein the
upper section 42 is approximately 100 inches in length,
the cross-sectional area at interface 72 is approximately
60% of the cross-sectional area at the top of the canister
24.

Fuel rods inserted through the upper section 42
emerge into the lower section 44 in a relatively tightly
packed, rectangular array. The lower section 44 is
adapted to receive the rods within a plurality of substan-
tially vertical plate members 48, the number of which
correspond to the number of columns 70 of fuel rods in
the upper section 42. These plates 48 are shaped and
aligned such that the rods passing between them are
forced into a closely packed, triangular array at the
lower end 60 of the canister 24. The following sections
provide additional detail on the inventive features asso-
ciated with the grid means 46 constituting the upper
section 42, and the corrugated plate members 48 consti-
tuting the lower section 44.

GRID STRUCTURE

The description of the grid structure will proceed
with reference to FIGS. 3 through FIG. 6. FIG. 6 is an
elevation side view of the canister 24 shown in FIG. 3,
with the side panel 54 removed. The upper section 42
comprises a plurality of grid layers 74a-74i each verti-
cally overlapping and alternating with grid layers
76a-76h. Each grid layer 74a-74i comprises a plurality
of grid segments 78 which extend from the front panel
50 to the back panel 52 and will be conveniently re-
ferred to as column segments, constituting column grid
layers. A plurality of transversely oriented segments 80
likewise will be referred to as row segments, constitut-
ing the row grids 76.

It may be seen that column grid layers 74¢ and 74/
have interposed between them row grid layer 76e. The
overlapping intersection of the column layers 74 and
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row layers 76 provide alternating row and column
structure which forms a substantially continuous honey-
comb of longitudinal cells 64. To accommodate the
overlapping or staggering of the transverse layers, the
uppermost and lowermost column grid layers 74¢ and
74i, are half the height of the other column and row
grids 74, 76. Typically, the entire grid structure 42 ef-
fectively contains eight column grids 74 and eight row
grids 76.

In FIG. 6, it may be seen that row layers 76g and 76/
may have less than a full complement of row segments
80 as a way to minimize the space occupied by struc-
tural material between converging fuel rods.

FIG. 7 illustrates in detail, the intersection of, for
example, row layer 764, column layer 74¢ and row layer
76e, in a perspective view oriented similarly to FIG. 2.
FIG. 8 is an elevation view facing the row grids 764 and
76e shown in FIG. 7. In FIG. 7, the tapered sides of the
segments and layers are not illustrated since the focus is
on the intersection of the layers. In FIGS. 7 and 8§, the
layers and segments have been simplified with respect
to the number of cells, relative to FIGS. 3-6, for clarity
of illustration.

Referring now to FIGS. 7 and 8, each layer 764, 74e,
and 76e, comprises a plurality of substantially parallel,
segments 78, 78’ and 80, 80'. Each segment has a top
edge 82, a bottom edge 84 and side edges 86. The side
edges 86 of each segment are tapered to conform to the
tapered panels 54, 56 (or in the case of column segments
78, to front and back panels 50, 52), at the elevation
within the canister 24 where the segments are to fay
with their respective panels. The preferred outer dimen-
sions of segments in each layer are such that the bottom
edge 84 of segment 80 is longer than the bottom edge
84’ on segment 80, but is substantially the same length
as the top edge 82’ of segment 80'. Although the top and
bottom edges 82, 84 are not the same length, they are
paraliel and thus the segment is trapezoidal. Each edge
82, 84 has alternating short and long slits, 94, 96, respec-
tively, by which the segments are interconnected.

When the entire grid structure is assembled within
the canister 24 the multiplicity of cells defined by the
intersection of the segments 78, 80 each provides a
funnel for the individual rod inserted therein. The fun-
nel results from providing the slits along each edge
82,84, such that the distance 98 between successive slits
94,96 is proportional to the length of the edge. Thus,
each succeeding vertical portion of a given cell, has a
slightly different dimension due to the proportionate
spacing of the slits.

In the preferred embodiment, the combined length of
a short and long slit which are in substantial vertical
alignment, is approximately equal to one half the dis-
tance between the top and bottom edges of the segment.
This assures that each cell wall will be substantially
continuous and thereby avoids the possibility that fuel
rods may hangup between segments of adjacent layers.
Thus, it is preferred that the upper edge of segment in a
row layer is substantially in contact 90 with the lower
edge of a segment in the next higher row layer, and
likewise for the column layers.

The arrangement of long and short slits permits ready
construction of the grid layers and interconnections by
transversely securing the long slits of one segment with
the short slits of another segment. The transversely
adjacent segments in a given row or column layer, such
as 78a, 78b, and 80a, 80b in FIG. 7, alternate between,
for example, the “four short, three long” slotted upper
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edge 78a and 80a and the “four long” three short”
upper edge of segments 806 and 78b. The lower edge
slot pattern likewise alternates. The vertically adjacent
segments of different row and layers, e.g., segments 80
and 80’ in row layers 76d, 76e¢, respectively, have similar
slit patterns. This arrangement of segments having long
and short slits assures that any portion of a segment
serving as a cell wall, has only one long slit boundary.
Thus, the portion remains more rigid and flatter, than if
bounded by two long slits.

It should be appreciated that the grid structure 46 is
preferably assembled in its entirety, before insertion into
the canister 24. The segments of each layer are intercon-
nected starting with the lowermost 74/ and 76k and the
segments may be tack welded together to establish suffi-
cient rigidity so that the structure may be handled for
insertion into the canister. One such welding technique
includes welding a ribbon or strip around the perimeter
of the structure, at the interface between adjacent row
layers, and likewise between adjacent column layers.
One assembly technique is illustrated in FIG. 7 and 8(a),
wherein a shroud or skin 100 with perforations 102, has
slightly smaller dimensions than the tapered box 24
(FIG. 2), and is installed over tabs 104 on the perimeter
or outer edges 86 of the layers. The tabs are spot welded
and the entire shrouded grid section 42 is then lowered
into the box. When the grid section is used in conjunc-
tion with the plate section 44 discussed below, the
shroud or skin 100 spans the entire box and helps con-
nect the grid section to the plate section.

FIG. 8(b) shows a preferred embodiment wherein the
tabs 104’ are extensions at the lower 84 and upper 82
edges of each segment so that the tabs from vertically
adjacent segments penetrate the same shroud perfora-
tion 102 and can be joined with a single weld 106. The
portions of segments near the box wall, that are other-
wise unsupported due to a bordering long slit, can thus
be strengthened.

PLATE MEMBERS

The detailed description of the lower section 44 hav-
ing the plate members 48, will proceed with reference
to FIGS. 3, 6, 9 and 10, wherein specific structure will
be identified with numerals beginnning with 200.

FIG. 9 shows a plate member 48 having substantially
parallel upper and lower edges 200, 202 respectively,
and tapered side edges 204. The side edges 204 are
tapered to conform to the front and back panels 50, 52
of the lower portion of the canister 24. Each plate 48
has a plurality of corrugated channels 206 correspond-
ing to the number of rows 68 of fuel rods (see FIG. 4).
The corrugated channels 206 extend to the lower edge
202 and form a periodic series of alternating convex and
concave arches 208, 210 respectively. Preferably, each
plate 48 has a substantially flat area 212 beginning at the
upper edge 200, with a gradual transition such that the
amplitude of the convex and concave arches 208, 210,
increase with distance from the upper edge 200.

The plate 48 is preferably formed in a die that has the
required number of “dummy” rods welded to one die
plate, each rod tapering slightly towards the center of
the plate in accordance with the overall designed taper
of the side edges 204. Prior to pressing, however, the
plate is rectangular. The side edges 204 are closely
dimensioned for mating with the canister panels, after
pressing in the die. The integral formation of the corru-
gations have increasing amplitude as they approach the
lower edge 202, which tends to draw the side edges
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inward during pressing, but this alone is insufficient to
produce the desired end taper on the side edges 204.
The transition from flat to full amplitude on the corru-
gations is accomplished in the die by orienting the mov-
able die member at a slight angle relative to the station-
ary die on which the dummy rods are secured, so that
full deformation of the plate occurs only near the lower
edge 202.

In the preferred embodiment, the upper edge 200 of
each plate is adapted to mate with and form a continu-
ous guide path from, the grid means 46 of the upper
section 42.

With reference to FIGS. 3 and 6, it may be seen that
this transition occurs at the section interface 72. The
simplest way to accomplish this interface is to provide
an unslotted edge at the upper edge 200 of each plate 48
so that these engage long slits 96 provided on the lower-
most segments 764, of the grid means 46 (see also FIG.
8). At the interface 72, a band 216 or other member may
be tack welded around the periphery of the intercon-
nected structure, as was suggested with respect to the
assembly of the layers 74, 76 of the grid structure 46, or
in the preferred mode, the plates have tabs to mate with
shroud perforations and for welding to tabs on the seg-
ments of grid layer 74i.

In the preferred embodiment, the plates are not all of
the same length, so that the lower edges 202 are stag-
gered. In FIG. 3, the lower edge 202a of the central
plate and the plates between the center and the left
panel 54, are labeled 202a-i respectively. When viewed
from the side of canister 24 with left panel 54 removed,
a different view of the staggered edges can be seen.

This staggering is necessary to maximize the consoli-
dation within the canister since the plates have a signifi-
cant thickness relative to a fuel rod diameter and the
fuel rods should ideally have no separation when
grouped in the triangular array at the lower end 60 of
the canister 24.

FIG. 10 shows the relationship of, for example, plate
lower edge 202¢ and adjacent 202b. Each convex arch
208 on one plate 2024 faces a concave arch 210 on plate
2025, and each concave arch 210’ on plate 202a faces a
convex arch 208’ on plate 2025 The distance 218 be-
tween each convex and facing convex arch is substan-
tially equal to a fuel rod diameter, as shown in FIG. 10,
in phantom. This alignment and spacing of the plates
causes the leading ends of the tightly packed rectangu-
lar array of fuel rods received by the lower section 44 to
be consolidated between the plates and the box panels
into a tightly packed triangular array at the lower edges
of the plates. FIG. 10 also clarifies the meaning of arch
amplitude, where the convex amplitude 220 and con-
cave amplitude 222 are measured relative to a flat imagi-
nary plane 224 an equal distance between them.

We claim: .

1. In a nuclear fuel rod consolidation system compris-
ing a box and grid combination for consolidating fuel
rods by funneling an initially loosely packed rectangu-
lar array of fuel rods into a more tightly packed rectan-
gular array of fuel rods, said combination including:

an upright, elongated tapered box having a front, a

back, and two side panels, and

a grid structure mounted within said box for receiv-

ing the loosely packed, rectangular array of fuel
rods into the upper end of the grid and urging the
fuel rods into a tightly packed rectangular array at
the lower end of the grid,
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said grid structure having a multiplicity of flat, verti-
cally oriented trapezoidal segments interconnected
to form a plurality of vertically overlapping grid
layers, each overlapping layer oriented trans-
versely to the other, the layers having alternating
row and column orientation and forming a substan-
tially continuous honeycomb of longitudinal cells,
the cross-sectional area of each cell decreasing
from the uppermost layer to the lowermost layer
such that when the fuel rods are inserted through
respective individual cells at the top of the grid
structure, the fuel rods are funneled by the cells to
form the tightly packed array.

2. The combination of claim 1 wherein each layer
comprises a plurality of substantially paraliel, identi-
cally shaped segments, and wherein the outer dimen-
sions of the segments in a particular layer are smaller
than the outer dimensions of the segments in a higher
layer.

3. The combination of claim 2 wherein each segment
has substantially parallel top and bottom edges, each
edge having alternating short and long slits by which
the segments are interconnected.

4. The combination of claim 3 wherein the distance
between slits at the upper or lower edges of any seg-
ment is proportional to the length of said upper or lower
edge respectively.

5. The combination of claim 3 wherein the short slits
on the upper and lower edges are in substantial vertical
alignment with the long slits on the lower and upper
edges respectively.

6. The combination of claim 4 wherein the combined
length of a short and a long slit on any segment, is sub-
stantially equal to one-half the distance between the top
and bottom edges of the segment.

7. The combination of claim 2 wherein layers having
segments parallel to the front and back panels define
rows, and layers having segments parallel to the side
panels define columns, and the rows and columns define
said honeycomb of cells.

8. The combination of claim 7 wherein the upper
edge of each segment in a row layer is substantially in
contact with the lower edge of a segment in the next
higher row layer.

9. The combination of claim 2 wherein the dimen-
sions of the edges of each segment in a layer are sized to
span the box and tapered to match the taper of the box,
at the mounting elevation of said layer.

10. The combination of claim 9 wherein each segment
has a plurality of long and short slits and the segments
are interconnected by the transverse intersection of the
long slits of one segment with the short slits of another
segment.

11. The combination of claim 10, wherein the parallel
segments in each layer alternate between two types
differing in the ordering of the short and long slits on
the upper and lower edges.

12. The combination of claim 11, wherein the order-
ing of the short and long slits on any segment is the same
as the ordering on a vertically adjacent segment.

13. The combination of claim 2 further including a
perforated metal shroud in contact with the outer edges
of at least two vertically adjacent segments, and tabs
extending from said segments through said perforations,
such that the shroud provides vertical support for both
said segments.

14. The combination of claim 13 wherein said tabs are
extensions of the upper and lower edges of said seg-
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ments, the tab on the upper edge of one segment extends
through the same perforation as the tab on the lower
edge of the vertically adjacent segment, and are welded
together.

15. In a nuclear fuel rod consolidation system com-
prising a box and grid combination for consolidating
fuel rods by funneling an initially loosely packed rectan-
gular array of fuel rods into a more tightly packed rect-
angular array of fuel rods, said combination including:

an upright, elongated, tapered box having a front, a

back, and two side panels, and

a grid structure mounted within said box for receiv-

ing the loosely packed, rectangular array of fuel
rods into the upper end of the grid and urging the
fuel rods into a tightly packed rectangular array at
the lower end of the grid, wherein the grid struc-
ture has

a plurality of vertically overlapping grid layers, each

overlapping layer oriented transversely to the
other;

each grid layer having a plurality of vertically ori-

ented, spaced apart segments, each segment having
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10
a trapezoidal shape including parallel upper and
lower edges and tapered side edges, the upper and
lower edges having alternating long and short ver-
tical slits and the taper of the side edges matching
the taper of the box at the elevation where each
segment is mounted;

the overlapping layers being interconnected by the

intersection of the long and short slits with the
short and long slits, respectively, on the segments
of the transverse layers, where an array of rectan-
gular, honeycomb cells are formed, the cross-sec-
tional area of each cell decreasing from the upper-
most layer to the lowermost layer.

16. The combination of claim 11 wherein half the
layers have all segments oriented from front to back of
the box to define cell columns, the remaining layers
have all segments transversely oriented between the
sides of the box, to define cell rows, and wherein each
layer defining columns overlaps substantially half the
vertical extent of the intersecting layer defining the
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